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Abstract

This paper deals with two experiments with a large vocabulary isolated
word recognizer. The first compares word error rates for 1) meaningful
sentences belonging to actual documents and 2) random word fists from
the same vocabulary. The error rate is considerably lower for random
word lists. The second experiment investigates the performance of the
recognition system on sentences containing words outside the vocabu-
lary of the recognizer. Sentences from a S000 word vocabulary task are
recognized with a recognizer liniited to a 2000 word subvocabulary.
The error rate is only slightly higher than it would be if recognition of
the full 5000 word vocabulary was allowed.

Introduction

In a previous paper [1] we presented results on the performance of a
speech recognition system for isolated-word sentences from a 5000
word office correspondence task (OC5000). In this paper we present
the results of two new experiments with this system.

Our first experiment compares word error rates for two different types
of word sequences from OC2000, a vocabulary consisting of the 200G
most frequent words in the office correspondence task. The first type
consists of sentences chosen from actual documents. We refer to these
as meaningful sentences. The second type consists of a random permu-
tation of the words of the same vocabulary, read in sequences of 10
words each. We refer to these as random word lists. We decoded the
meaningful sentences both with and without a language model, but, of
course, the random word lists were decoded without a language model.
The experiment with random word lists is similar to experiments for
which results have been reported in many papers on large vocabulary
recognition [2,3]. We found that the word error rate for meaningful
sentences ‘was much higher than for random word lists. This suggests
that results based on random word lists are an unrealistic estimate of the
performance of a recognition system on meaningful sentences. We be-
lieve that there are three reasons for the higher error rate on meaningful
sentences: 1) a higher frequency of short words (e.g., the, a, in); 2) a
higher frequency of homophones (e.g., to, too, two); 3) a faster speaking
rate. Our results (see Table 1) also show the importance of a language
model for recognition of meaningful sentences.

We estimate that the OC5000 vocabulary will cover 96% of natural
correspondence text. Users of the system will, of course, sometimes
dictate words outside this vocabulary. To see how serious this problem
is, we have decoded meaningful sentences from OCS000 using an
OC5000 decoder and also using an OC2000 decoder. Limiting the
vocabulary of the decoder to OC2000 has two opposing effects on the
error rate, For words in the OC2000 vocabulary, the error rate should
decrease because some of the possible confusions have been removed
by restricting the vocabulary. For words not in the OC2000 vocabu-

lary, the error rate will, of course, be 10096, and these errors may cause
additional errors in the surrounding words (error propagation) because
of the memory of the langauge model. Our results (see Table 2) were
encouraging: the error rate for the OC2000 decoder was only slightly
greater than that for the OC5000 decoder. Furthermore, there was no
error propagation.

The Recognition System

The office correspondence database consists of approximately 14,000
fetters and memos; about 40% of these documents were solicited from
IBM customers; the remainder were extracted from an IBM internal
electronic mail system. The text was subjected to intensive automatic
and manual editing to eliminate headers, closings, duplicate memos, and
nonsense memos used to test the electronic mail system. After editing,
the size of the corpus was 900,000 words.

The OCS000 vocabulary is obtained by selecting the 4992 words oc-
curring most frequently in the corpus and merging these with a list of
115 words so that all months of the year, days of the week, numerals,
and punctuation marks were included. Some of the sentences fully
covered by this 5000 word vocabulary were extracted and set aside as
test data and for acoustic training. Sample sentences are:

Thanks for your letter dated April six, nineteen seventy eight.
You did an outstarnding job of filling in.

We are confident that it will help us sell the use of the DP marketing
program.

The OC2000 vocabulary is similarly obtained by merging the 115 word
list with the set of 1992 most frequent words in the corpus. After re-
moving sentences to be used for testing, statistics for the two language
models were obtained from the remaining database by counting
trigrams, bigrams, and unigrams composed of words in the OC5000 and
0OC2000 vocabularies.

The language model probabilities P(wy | un,uy) are obtained as a linear
combination of the trigram, bigram, and unigram relative frequencies,
as described in [4]. The perplexity [4] of the OC50600 language model
is 90, and that of the OC2000 model is 75. In the experiment with no
language model, all words in the vocabulary have the same probability
of occurrence. Homophones cannot be distinguished acoustically so
when the decoder has no language model, it chooses amongst
homophones at random.

Recordings were made on a SONY TC-D5M cassette recorder, in a
normal office at the IBM T.J. Watson Research Center, using a Shure
SM12 close-talking microphone. The same native male speaker of
general American English was used in all experiments (RLM in [1]).
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For OC5000, training was performed on 100 meaningful sentences.
Training for the OC2000 experiments was on random word lists which
contained each OC2000 word once. All speech was monitored during
recording sessions and was rerecorded if gross mispronunciations were
detected. Recordings were digitized at 20 KHz using a 12-bit A/D
converter.

The acoustic processor measures the energy in 31 frequency bands each
centisecond as described in reference [5]. This 31-parameter vector is
then reduced to a label from an alphabet of size 200 by vector
qllantization [6). The 200 prototypes used for vector quantization are
obtained from 30,000 centiseconds of training data by an automatic
clustering method described in [7].

Each word in the vocabulary has a phonetic baseform which describes
its pronunciation. Some words have more than one baseform as, for
example, a { [e} and [a] ). No phonological rules are used. Each phone
in the phonetic baseforms is modelled by a Markov source (hidden
Markov chain). The statistical parameters of these models are esti-
mated using the Forward-Backward algorithm {4,8]. The decoder is
described in reference [4].

Results

Table 1 gives the results for recognition of 100 meaningful sentences
(1297 words) from OC2000 with and without a language model, and
for recognition of 2070 words from random word lists (one for each
baseform in the OC2000 vocabulary). Comparison of the first two er-
ror rates (2.5% vs. 20.3%) indicates the power of the language model.
Comparison of the last two error rates (20.3% vs. 8.5%) shows that the
recognition of meaningful sentences is considerably more difficult than
the recognition of random word lists. As mentioned above, with no
language model, the decoder chooses amongst homophones at random.
Of the 263 words misrecognized in meaningful sentences, 60 were
homophone errors. In the random word lists, 32 of the 175 misrecog-
nized words were homophone errors. In comparison, when the lan-
guage model was used for meaningful sentences, only one of the errors
was a homophone error.

Table 2 gives the results for recognition of 50 meaningful sentences
from the OCS5000 vocabulary using two different decoders: an
OC5000 decoder and an OC2000 decoder. The error rate was only
slightly higher with the OC2000 decoder. Note, however, that the
OC2000 decoder must make errors on at least 4% of the words (these
are OCS000 words not in the OC2000 vocabulary). As the OC5000
decoder is improved, the ratio of the error rates for the OC2000 de-
coder and the OC5000 decoder will necessarily increase. While we
have not yet found any robust criterion for automatically detecting
words outside the decoder vocabulary, the fact that they do not cause
error propagation is encouraging.

Type Meaningful Meaningful Random
Sentences Sentences Word Lists

Language 0C2000 None None
model

Total words 1297 1297 2070
spoken

Total errors 32 263 175

% errors 2.5% 20.3% 8.5%

TABLE 1. Three OC2000 Recognition Experiments

Language 0OC5000 0OC2000
model

Total words 866 866
spoken

Total errors 60 75

% errors 6.9% 8.7%

TABLE 2. Two OC5000 Recognirion Experiments
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